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Abstract 
How do you know if drinking water is safe? Or which microbial indicator tests work best when few side-by-side performance 
evaluations exist in real-world field sites? This research compares bacterial indicator test products in low-resource settings in 
Ahmedabad, India and Tamale, Ghana.  In India, three hydrogen sulfide (H2S) bacteria test products were evaluated: laboratory-
made H2S, TARA Aquacheck and ORlab H2S, and compared to an EPA-certified standard, the IDEXX Quanti-Tray® 2000.  In 
Ghana, 3M Petrifilm™, Aquagenx CBT and Easygel® Cards were included in addition to H2S and Quanti-Tray® 2000. Results 
are presented in a Consumer Reports-style for easy comprehension.  
 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Access to safe drinking water is critical to human health in both humanitarian emergency and development 
settings.  In these settings, bacteriological water quality testing is essential as it provides vital information on the 
microbial safety of drinking water resources.  Constrained by low resources, sufficient water quality testing is often 
difficult to achieve in humanitarian emergency and development settings (Bain et. al [1]). 
As recommended by the WHO Guidelines on Drinking Water Quality, 4th Edition [2], drinking water quality in 
both humanitarian and development settings should be assessed through testing for fecal indicator bacteria.  While 
these methods do not directly identify specific pathogens, fecal indicator bacteria suggest the presence of fecal 
contamination and potentially harmful pathogens, therefore providing sufficient information for effective decision-
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making on bacterial drinking water safety.  While E. coli is recommended as a standard indicator bacteria, hydrogen 
sulfide (H2S)-producing bacteria is an alternative fecal indicator that has been shown to correlate with E. coli levels 
and has been developed into field test products (Wright et. al [3]; Sobsey and Pfaender [4]). 
Many water quality products are marketed for low- or medium-resource settings (as catalogued in Bain et. al [1]), 
but there is little comparative information about the performance of such products in representative low-resource 
settings. 
The objectives of this research are to evaluate field-based, bacteriological fecal indicator products: 
 
1. In India: Assessing the side-by-side performance of three different H2S tests (laboratory-made H2S, TARA 
Aquacheck, and ORlab H2S) via the Presence/Absence (P/A) method against a standard product (IDEXX 
Quanti-Tray® 2000). 
2. In Ghana: Assessing the side-by-side performance of a laboratory-made H2S bacteria test in the P/A mode 
against a standard product (IDEXX Quanti-Tray® 2000), plus the inclusion and comparative evaluation of 
three additional test products: 3M Petrifilm™, Aquagenx CBT, Easygel® Cards.  
3. Developing a Consumer Reports-style comparative ratings chart based on test performance attributes. This 
provides a quick-and-easy guide for public comprehension and action, based on the results.  
4. Recommending one or more tests based on these ratings.  
 
These particular products were selected by the authors because of their ease-of-use, low-cost and applicability in 
resource-constrained settings (potentially lacking electricity, clean water, sanitary working conditions).  This paper 
focuses solely on the technical performance of these products in order to assist humanitarian and development 
practitioners, policymakers and researchers in selection of appropriate products for low or medium resource settings. 
2. Methods 
2.1. Study Areas and Test Methods 
This evaluation was conducted on two continents, in a large urban setting-- in Ahmedabad, India and a remote 
rural setting on the outskirts of Tamale, Ghana.  Using a field lab in Ahmedabad and the water quality laboratory at 
a NGO, Pure Home Water, in Tamale, both sites were chosen as realistic settings for the evaluation because they are 
rudimentary, low/medium resource laboratories with challenges typical to low and middle income countries  and 
humanitarian water quality testing operations.  Moreover, both sites have water quality challenges in terms of unsafe 
drinking water and emergency conditions relative to flooding and droughts. The specific test products and methods 
evaluated and compared in this paper are described below: 
 
1. IDEXX Quanti-Tray®: The Quanti-Tray® 2000 is an enzyme-substrate coliform test that utilizes the 
Most Probable Number (MPN) method for enumeration of contamination.  The Quanti-Tray® is both 
reliable and accurate, producing results from 100 mL samples with 95% confidence limits.  While EPA-
approved for wide use in the U.S., the high cost per test limits its suitability for resource-constrained 
settings.  Moreover, in contrast to all the other tests we performed, the Quanti-Tray® 2000 requires a lab 
setting. It is utilized in this study as the standard against which the performance of the other products are 
measured. 
2. One laboratory-made H2S test plus two commercial H2S products manufactured and available in the 
Indian marketplace: TARA Aquacheck and ORlab. In all three H2S tests evaluated, the H2S bacteria test is 
a 20 mL P/A test that detects the presence of H2S producing bacteria, an alternative indicator of fecal 
contamination to E. coli.  The lab-made H2S bacteria test in this study utilizes the Manja et al. [5] 
procedure to inoculate and sterilize homemade paper test strips with bacterial media. The test was 
enhanced by the addition of L-cystine [6]. 
3. The Petrifilm™ E. coli/Coliform Count Plates are carded media plates that provide a quantitative count 
(Colony-Forming Units, or CFU) of total coliform bacteria and E. coli from a 1 mL sample.  The media 
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contains differential indicator sugars that allow for differentiation between total coliform colonies (red 
with gas bubbles) and E. coli colonies (blue with gas bubbles).   
4. Aquagenx Compartment Bag Test: The Compartment Bag Test (CBT) is a test which detects the presence 
or absence of E. coli in a series of 5 differentially-sized compartments of a WhirlPak-type bag.  The MPN 
of E. coli bacteria is estimated from the combination of positive and negative compartments. 
5. Micrology Labs Easygel® Card: The Easygel® Card is another card-based media plate that can be 
counted for both E. coli and total coliform CFU.  Similar to Petrifilm™, the test uses a 1 mL sample and 
contains a color-linked sugar for easy counting of bacterial colonies.   
 
All test products described in this paper and summarized below in Table 1 can be interpreted either via the P/A 
method or via an enumerative method: most probable number (MPN) or colony forming units (CFU). Both methods 
were conducted. This paper reports only the P/A results of the selected products. Each test is read for results after 24 
hours.  Each test is recorded as P/A, with Petrifilm™, Quanti-Tray®, and Easygel® Cards indicating P/A of both 
total coliform and E. coli, and the CBT and laboratory-made H2S indicating P/A respectively of E.coli and H2S-
producing bacteria.  Quanti-Tray® and Aquagenx CBT are calculated into an MPN using the manufacturers’ 
standardized charts, whereas Petrifilm™ and Easygel®  Cards are counted for coliform and E. coli CFU.  The 
Thomas Equation, as outlined in Manja et al. [5], is applied to generate an MPN for the laboratory-made H2S results. 
The enumerative MPN and CFU results will be reported in a subsequent paper. 
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2.2. India 
In urban Ahmedabad from August 5 – 13, 2014, three H2S tests and the IDEXX Quanti-tray were tested side-by-
side on 426 water samples for a total of 1704 water quality tests. Water samples were collected from homes in pairs 
of filtered and unfiltered tap water samples using standardized procedures into sterile 500mL bags and processed 
within 8 hours. H2S tests were not diluted.  Laboratory-made HsS utilized the Manja et al. [5] procedure, with a 
modification proposed by Venkobachar et al. [6] to inoculate and sterilize homemade paper test strips with 
laboratory-made bacterial media.   
For the IDEXX Quanti-Tray®, a 100mL sample was inoculated into the 97-well IDEXX tray with its 
corresponding reagent (Colilert®) and incubated at 35°C for 24 hours.  The result of IDEXX Quanti-Tray® was 
then read to determine the most probable number (MPN) of total coliform and E.coli.  For the H2S test, 20 mL of the 
water from each sample was inoculated to the test and incubated at ambient temperature for 24 and 48 hours. The 
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positive result for H2S test was indicated by a change in color of the medium from translucent to black, and also by 
the smell of hydrogen sulfide. 
Because the IDEXX Quanti-Tray® is a test that gives an enumerative result (with detection range of 1~2419.6 
Most Probable Number (MPN)/100 mL) and the H2S tests in this study was conducted in the Presence/Absence 
(P/A) mode, the two tests could only be compared on the P/A characteristic.  For this comparison, anything above 
the lower detection limit of 1 MPN/100 mL for the IDEXX Quanti-Tray® was considered presence. The results of 
IDEXX Quanti-Tray® and each H2S test were analyzed using 2x2 contingency tables. General statistical values 
(True Result, False Positive, False Negative, Sensitivity, Specificity, Positive Predict Value and Negative Predictive 
Value) were calculated according to a method described by Mack and Hewison [7]. Statistical significance between 
the IDEXX Quanti-Tray® and each H2S test were calculated using the Phi coefficient value, Chi-squared test and 
Fisher Exact Probability test.   
2.3. Ghana 
The research plan for Ghana builds on and expands the work done in Ahmedabad to include a wider range of 
bacterial indicator products.  Tamale, Ghana and surrounding rural areas are plagued with inadequate water and 
sanitation coverage, where an estimated half of the population lacks access to safe drinking water and 32% of the 
rural population practices open defecation (WHO/UNICEF JMP, 2013 [8]).  Where rural coverage is lacking, 
surface water is often collected from shallow hand-dug dams (“dugouts”), notorious for high levels of 
microbiological contamination and turbidity but still regularly used as a drinking water source.  The lab work was 
undertaken in the water quality laboratory of Pure Home Water, producer of the AfriClay® water filter.   
In Ghana, each of the five products was tested side-by-side on 135 water samples times five products for a total 
of 675 water quality tests.  Testing was completed during February and March 2015.  Water samples were collected 
from 12 dugouts (10 samples at each unique dugout site), the outlet of 2 AfriClay® water filters (5 samples from 
each filter) and bottled water (5 samples).  Each of the five products was tested side-by-side on one 500 mL water 
sample.  Samples were collected using standardized procedures into sterile 500mL VWR bags and processed within 
12 hours.  Dugout samples were diluted (1:100-1:1000) in order to achieve enumerable results.  The H2S tests used 
standard dilutions (2, 0.2. and 0.02 mL).  
2.4 Statistical Methods, Terminology, and Analysis 
The same statistical tests to analyze the P/A performance that were applied in India were also applied in Ghana.  
Additionally, the same Consumer Reports-style is utilized to generate an easy-to-read comparative ratings chart.   
P/A results were analyzed through 2x2 contingency tables, using general statistical analysis (True Results (TR), 
False Positives (FP), False Negatives (FN), Positive Predictive Value (PPV) and Negative Predictive Value (NPV) 
following a method described by Mack and Hewison [14]) and tested for statistical significance (Chi-square test and 
Fisher’s exact test).  The general statistical analyses are described in detail below. 
General Statistical Analyses: When a test is being compared against a standard, the percentage of TR’s, FP’s and 
FN’s is calculated. These results provide information as to the “correctness” or “True Result (TR) of the given test, 
and also specify the tendency of a test to incorrectly flag a positive result when it should be negative, or to 
incorrectly flag a negative result when it should be positive.  Furthermore, four general correlation analyses 
(sensitivity, specificity, PPV and NPV) determine the “goodness of fit” of the test to the standard.  It is important to 
note that these four correlations operate under the assumption that the standard (Quanti-Tray®) is in itself a perfect 
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Table 2. Definitions of statistical terms 
True Result (TR) TR represents the percentage of samples tested by a new test that yield the same result 
when compared to the standard (e.g. Absence and Absence) 
False Positive (FP) FP represents the percentage of positive samples tested by a new test that yield a negative 
result when tested against the standard (equivalent to Type I error) 
False Negative (FN) FN represents the percentage of negative samples tested by a new test that yield a positive 
result when tested against the standard (equivalent to Type II error) 
Sensitivity Sensitivity is the ability of the new test to determine a true positive result. (equivalent to 
hit) 




PPV is the ability of a positive test (by the new test) to predict the presence of a 
contaminant (in this case, E.coli, H2S, or Total Coliform). 
Negative Predictive 
Value (NPV) 
NPV is the ability of a negative test (by the new test) to predict the absence of a 




Tables 3 & 4 present the general statistical values for each H2S test in comparison to IDEXX Quanti-Tray®. 
Table 3. Comparison between Quanti-Tray® Total Coliform and H2S Test Result (shown in %) 

























Lab- made 24 hr  80 5 15 66 72 74 88 
48 hr  68 26 7 66 73 88 40 
TARA 24 hr  76 0 24 100 64 57 100 
48 hr  80 0 19 99 69 66 99 
ORlab  24 hr  73 0 27 100 62 53 100 
48 hr  81 0 19 99 69 66 99 
 
Table 4. Comparison between Quanti-Tray® E.coli and H2S Test Result (shown in %) 























Lab-made 24 hr  89 7 4 49 93 88 89 
48 hr  60 39 1 49 95 97 37 
TARA 24 hr  89 3 8 92 88 78 96 
48 hr  91 4 5 88 92 87 93 
ORlab  24 hr  89 1 9 95 87 75 98 
48 hr  91 4 5 88 92 87 93 
 
242   Susan Murcott et al. /  Procedia Engineering  107 ( 2015 )  237 – 246 
      Overall, TARA and ORlab H2S products have the best statistical results when compared to Quanti-Tray® E.coli, 
with about 88-95% true result (TR), sensitivity and specificity.  This means that these tests yield the same result as 
the Quanti-Tray® E.coli most of the time, having a high ability to determine both true positive and true negative 
results.  The laboratory made H2S performed well when the results were read at 24 hours. However, the percentage 
of laboratory-made H2S TR dropped significantly from 89% to 60% when the result was read at 48 hours. This is 
opposite to the other two tests, for which the TR percentage increases from 24 to 48 hours. In general, as time goes 
by with the laboratory-made H2S product in India, the percentage of False Positive (FP) increases while the 
percentage of False Negative (FN) decreases.  This means that with time, the new tests in India are more likely to 
detect a presence of bacteria when the standard does not, rather than to detect an absence of bacteria when the 
standard detects presence. However, the magnitude of the increase of FP and the decrease of FN differ. 
It should also be noted that the comparison between Quanti-Tray® E.coli and H2S test result has a better number 
in most general statistical values than the comparison with Quanti-Tray® Total Coliform and H2S. The percentage 
of FN dropped significantly from about 20% to about 10% when compared to E.coli rather than Total Coliform. 
This suggests that the H2S tests carried out in India had better correlation with E.coli, the WHO-recommended 
indicator of fecal contamination.  Tables 5 and 6 list the Phi coefficient, Chi-square and Fisher Exact Probability. 
Table 5. Statistical Significance for Comparison between Quanti-Tray® Total Coliform and H2S test 

















Lab- made 24 hr 0.61 153.9 <.0.001  Very High 
48 hr 0.33 45.54 <.0.001  Very High 
TARA  24 hr 0.60 152.6 <.0.001  Very High 
48 hr 0.66 182.9 <.0.001  Very High 
ORlab 24 hr 0.57 114.6 <.0.001  Very High 
48 hr 0.67 188.4 <.0.001  Very High 
 
Table 6. Statistical Significance for Comparison between Quanti-Tray® E.coli and H2S test 

















Lab-made 24 hr 0.77 249.1 <.0.001 Very High 
48 hr 0.39 61.34 <.0.001 Very High 
TARA  24 hr 0.77 246.4 <.0.001 Very High 
48 hr 0.80 269.8 <.0.001 Very High 
ORlab 24 hr 0.77 251.8 <.0.001 Very High 
48 hr 0.80 269.8 <.0.001 Very High 
 
     In general, all three H2S products had a high statistical significance, with Fisher Exact Probability lower than 
0.001. This shows that there is a very strong correlation between H2S tests and Quanti-Tray®. Nevertheless, it is 
clear that TARA and ORlab H2S test, when compared to Quanti-Tray® E.coli, have the best correlation as they have 
highest Phi coefficient value (0.80) and Chi-square value (269.8).  
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3.2 Ghana 
 
The general statistical values for Petrifilm™, Easygel® Card, lab-made H2S and Aquagenx CBT tests in 
comparison to IDEXX Quanti-Tray® are presented in Tables 7 and 8 below. 
 
Table 7: Comparison between Quanti-Tray® Total Coliform and Alternative Test Result (shown in %) 















Petrifilm™ 71 1 27 67 91 97 35 
Easygel® Card 83 4 13 84 73 94 48 
Lab-made H2S 92 7 1 99 55 92 92 
 
 
Table 8: Comparison between Quanti-Tray® E. coli and Alternative Test Result (shown in %) 
 















Petrifilm™ 58 0 42 37 100 100 44 
Easygel® Card 57 1 41 40 95 95 43 
Lab-made H2S 77 23 0 100 30 75 100 
CBT 86 9 5 92 73 88 82 
  
 
     Overall, the lab-made H2S has the highest percentage of TR (92%) when compared with the Quanti-Tray® Total 
Coliform.  While the lab-made H2S is a highly sensitive test in comparison to both Quanti-Tray® total coliform 
(99%) and E. coli (100%), these results show low specificity, suggesting that the lab-made H2S does not perform 
well in detecting true negative results.  The CBT, which only detects E. coli, had the best overall general statistical 
values, indicating that these tests yield the same result as the Quanti-Tray® E.coli most of the time, and also 
perform reasonably well in detecting both true positive (Sensitivity 92%) and true negative (Specificity 73%) 
results.  In addition, the Easygel® Card performed well in general statistical values when compared to Quanti-
Tray® total coliform, but the ability to detect TR decreased significantly (83% to 57%) when compared with 
Quanti-Tray® E.coli.   
     It should also be noted that the Easygel® Card and Petrifilm™ tests are similar products that utilize a 1 mL 
sample of water, and performed similarly in comparison to Quanti-Tray® E.coli, with a high number of FNs.  Of 
most concern with water quality testing is the potential for FNs, where fecal contamination is present but not 
detected, and thus the water source would be presumed safe for drinking when it is, in fact, not safe.  While more 
TRs indicate a more reliable test, FPs are somewhat better than FNs because they err on the side of caution, 
potentially resulting in the rejection of water that may be safe to drink, as opposed to acceptance of water that is 
unsafe to drink.  When compared with Quanti-Tray® Total Coliform, Easygel® Card showed a lower percentage of 
FNs than Petrifilm™.   
     It is important to note that each of the tests have a high statistical significance, with Fisher Exact Probabilities 
lower than 0.001.  This indicates a strong correlation between the alternative tests and the Quanti-Tray®.  However, 
it is clear that both the CBT (in comparison with Quanti-Tray® E. coli) and the lab-made H2S (in comparison with 
the Quanti-Tray® Total Coliform) have the best correlation as they have the highest Phi coefficient value.  Note: 
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The Chi-Squared values could not be calculated for the lab-made H2S due to a low expected cell frequency in the 
contingency tables, and thus cannot be compared in this dimension. 
 
Table 9. Statistical Significance for Comparison between Quanti-Tray® Total Coliform and New Test 
n = 135 Phi coefficient value 






Petrifilm 0.43 23.21 <.0.001 Very High 
Easygel Card 0.5 30.13 <.0.001 Very High 
Lab-made H2S 0.67 (see note below) <.0.001 Very High 
 
Table 10. Statistical Significance for Comparison between Quanti-Tray® E. coli and New Test 
 n = 135 Phi coefficient value 






Petrifilm 0.4 20.04 <.0.001 Very High 
Easygel Card 0.37 16.35 <.0.001 Very High 
Lab-made H2S 0.47 (see note below) <.0.001 Very High 
CBT 0.67 57.94 <.0.001 Very High 
4. Discussion 
Based on the India results, TARA and ORlab H2S test performs better overall than lab-made H2S test.  The lab-made 
H2S test yields less TR when read at 48 hours, mostly due to the significant increase of FP.  Interestingly, previous 
work by Chuang et al. [9] had shown that the H2S lab-made product was superior to superior to a commercial 
product, the HACH Pathoscreen 100 mL P/A test.  Chuang et al.’s 20-mL lab-made test gave slightly more TR 
(84%) than the 100-mL (80%) and 10-mL tests (80%).  In the India results, it is also noted that while lab-made H2S 
test yields more FP, it also yields less FN, compared to TARA and ORlab. One possible explanation for the high FP 
and low FN in the lab-made H2S test is due to the addition of L-cystine, a precursor of hydrogen disulfide. It is, 
however, not known whether TARA or ORlab H2S test add L-cystine. (The HACH Pathoscreen product does not, 
nor did the original formulation by Manja et al. [5])  For the sole purpose of indicating to a consumer whether the 
water is safe to drink, the lab-made H2S test may be suitable in India.  However, in terms of correlation with Quanti-
Tray®, the commercial products purchased in India, TARA and ORlab H2S test, yielded a better result.  
Based on the Ghana results, the lab-made H2S correlates better with the Quanti-Tray® Total Coliform than E. 
coli, whereas the India results had shown the opposite correlation.  This discrepancy in findings in different settings 
could be due to operator error. However, it may instead suggest a more nuanced result -- that the effort to find a 
simple “one-size-fits-all” bacterial indicator test product that is “the best” in all settings may not be possible.  In 
Ghana, when compared to Quanti-Tray®, the H2S tests generally perform better in detection of Total Coliform than 
E. coli, which is expected because coliforms are “easier” to detect than E. coli.  However, when compared to 
Quanti-Tray® E. coli in Ghana, the CBT is superior to the other tests. 
5. Consumer Reports-style Comparative Ratings Chart 
    Two Consumer Reports-style comparative ratings charts (Figures 1 and 2) have been generated in order to 
provide a visually concise synthesis that makes these results comprehensible to the general public. Similar to an 
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academic report card, the top grade, representing 90 – 100% score, is the best result and is depicted as a completely 
black circle icon. The “second best result” 80 – 89%  is represented by a three-quarter black circle icon, and so forth, 
as shown in the Key to Figures 1 and 2, applying to both figures. For Figure 1: Total Coliform Performance Ratings 
in India and Ghana, it is easily seen that the Ghana lab-made H2S gives the best result, with complete black circle 
icons for TR and sensitivity. Likewise in Figure 1, the India TARA and ORlab 48 hour-tests are ”the second best,” 
and  these same tests at 24-hour tests are the “third best,” with half-black circle icons representing 70 – 79% True 
Result. In Figure 2: E.coli Performance Ratings in India and Ghana, in India, ORlab at 48 hours is the best in all 
three attributes – TR, sensitivity and specificity. In Ghana, CBT gives the highest ratings overall, for the E.coli 
results.     




Figure 1. Total Coliform Performance Ratings in India and Ghana 
 
 
Figure 2. E.coli Performance Ratings in India and Ghana 
 
    Overall, all the H2S tests assessed in Ahmedabad have very high statistical significance and good correlation with 
Quanti-Tray® E.coli, meaning that they can be used as good fecal indicators of bacteriological contamination of 
drinking water. In India, TARA and ORlab H2S test are recommended, as they are proven to be accurate indicators, 
yielding over 90% True Result when read at 48 hours. 
    In Ghana, both the lab-made H2S and Easygel Cards are recommended for total coliform.  For E. coli, the CBT is 
recommended. 
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    This paper has analysed results only on technical grounds and only according to the Presence/Absence method. 
The HumTech 2015 presentation and/or a follow-on paper will compare these test products according to the criteria 
of cost, ease-of-use and applicability in resource-constrained settings and will discuss technical performance of this 
same set of products in India and Ghana ,in terms of the enumerative results (MPN/mL and CFU/mL).  
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